This paper analyzes the price discovery process of a set of Spanish stocks cross-listed at the NYSE. Our methodology distinguishes between two sources of information asymmetries. Market-specific information that is revealed through the trading process and public disclosures simultaneously revealed to both markets but subject to informed judgments. We compute the information share of the Spanish and U.S. trading activity during the daily 2-hour overlapping interval. Empirical results show that the NYSE contribution to the price discovery process is not negligible. But the NYSE information is basically trade-unrelated.
I. Introduction
When an asset is traded at multiple markets, a crucial question naturally arises: which market does contribute more to the discovery of the efficient price. A large part of the research on this issue has been focused on discerning whether U.S. regional markets are informationally relevant for the NYSE-listed stocks (e.g., Chordia and Subrahmanyam, 1995; Lin et al., 1995; Blume and Goldstein, 1997) . However, the increasing importance of non U.S. companies listed on the NYSE (see Palatkonak and Sofianos, 1999) has also motivated a growing interest in the role that the U.S. stock exchanges play in finding out the efficient value of the international dually-listed stocks (e.g. Werner and Kleidon, 1996; Chan et al., 1996) . This paper presents an empirical analysis that makes use of intra-daily data on a set of Spanish stocks traded as ADRs on the NYSE during the year 2000. The study centers the attention on the daily overlapping trading interval between both the NYSE and the Continuous Trading System of the Spanish Stock Exchange (SSE). Our main concern is to determine how much of a change in the efficient price is related to the Spanish and to t he U.S. trading activity. The procedure we propose allows to discern to what extend the NYSE contributes to price discovery and whether the information provided by this market is trade-related or trade-unrelated information. Harris et al. (1995) use a Vector Error Correction Model (VECM) to study the adjustment mechanism of the NYSE and regional prices towards the common underlying efficient price. A significant error correction mechanism in the NYSE price equation indicates that regional markets do contribute to the price discovery of NYSE-listed stocks. Hasbrouck (1995) proposes a common trend representation to model the NYSE and regional quotes. In this model, the fraction of the long-term variance (the variance of the common factor) that is explained by each market is used to measure its information share.
Hasbrouck finds that the information share of the regional markets is relatively unimportant. Tse (2000) argues that these two econometric models are equivalent and the empirical differences are due to methodological issues. Recently, Harris et al. (2000) uses the common factor estimation method proposed by Gonzalo and Granger (1995) to evaluate each market's proportion of the price discovery. In this methodology the long memory component of stock prices is characterized as a weighted average of the contemporaneous trade prices. The weights signify the incidence of trades that permanently move prices on each market. Their findings show changes in the location of price discovery over time. Hupperets and Menkveld (2000) and Grammig et al. (2000) adapt the Hasbrouck (1995) model to the analysis of non U.S. NYSE-listed stocks. Lieberman et al. (1999) , Ding et al. (1999) and Eun and Sabherwal (2000) do the same with the Harris et al. (1995) methodology. These studies report mixed findings.
Previous papers do not differentiate between alternative sources of information because the trading activity is not openly modeled. In this paper we consider two possible causes of information asymmetries between markets. First, the presence of informed agents endowed with superior information about the true value of the stock (e.g., O'Hara, 1995) .
This information, we assume, is revealed through trading. Because informed agents must decide where to exploit their information advantage (e.g., Chowdhry and Nanda, 1991) , trade-related information becomes market-specific. So, it may cause transitory differences in the markets' expectations about the true value of the stock. Trade-related information becomes public as soon as it is r evealed in some market. Following Subrhamanyam (1997), we measure the trade-related shocks as the unexpected component of the SSE and NYSE trading processes.
Second, public announcements, characterized as noisy signals (e.g., Harris and Raviv, 1993) , may also cause information asymmetries. This trade-unrelated information is simultaneously exposed to all markets. However, markets differ in their ability to process public disclosures. Kim and Verrecchia (1994) develop a model in which some agents process public information into private information resulting in superior judgments. In our context, we expect the agents in the home market (the SSE) to perform more accurate assessments and to respond more quickly to public disclosures than the foreign market (the NYSE). But, since an important part of the Spanish cross-listed firms' business activity takes place in America, some public shocks might be disseminated sooner in the NYSE prices. A given public announcement provides the market with superior capacity to process it with a temporary advantage over the other market. Public disclosures are reflected in the trade-unrelated unexpected components of the SSE and the NYSE quotes.
We motivate our empirical analysis by means of a structural model for two markets that simultaneously trade one stock. Each market forms its sequence of conditional expectations about the security's ultimate value drawing on the revisions of their available information set. These information sets are updated because of trade-related and tradeunrelated information shocks. A pure satellite market has an uninformative trading process and is incapable of interpreting public announcements. It is shown that the natural empirical counterpart of this model is a vector error correction (VEC) model that explicitly models the informative unexpected component of the trading process.
The corresponding common trend representation of the VEC model allows to measure the contribution of the trading activity in each market to the long-term volatility of the internationally cross-listed stock. Hasbrouck (2000) contrasts the information share approach in Hasbrouck (1995) with the permanent-transitory approach in Harris et al. (2000) . Hasbrouck shows that in the case of a two markets model with private and public information, similar to the one presented in this paper, the information share approach is more reliable. The bound generated by the information share approach contains (up to estimation error) the true value. This cannot be said for the permanent-transitory approach.
Therefore, we slightly modify the information share approach in Hasbrouck (1995) to differentiate between the information share that corresponds to each market's trade-related information and to their relative capacity to evaluate and quickly disseminate public information.
The empirical findings show that the NYSE contribution to price discovery is not negligible. The SSE quotes and the NYSE quotes are cointegrated, so they share a common long-run component. Both markets react to any deviation between their quotes, signifying that we are facing a two-way price discovery process (see Harris et al., 1995) .
The trading activity at the SSE significantly affects to the quotes posted by the two markets. After a period of positive net volume (more buyer-initiated than seller-initiated volume) or positive net trading (more buyer-initiated than seller-initiated trades) NYSE and SSE quotes increase. Similarly, the NYSE trading activity significantly affects to the NYSE quotes even when the Spanish activity is taken into account. Its impact on the SSE quotes, however, is weaker and depends on the trading frequency of the stock. These findings suggest that the information brought in by the NYSE market is mainly tradeunrelated. The information shares computed confirm this intuition. The 70-90% of the efficient price's long-run variance is due to non trade-related shocks first disseminated in the SSE quotes. Between 10-20% is due to SSE trade-related information and less than the 0.5% is due to NYSE trade-related information. The information share due to public announcements disseminated first at the NYSE varies between the 1% and the 3% depending on the stock and the trading proxy used. Globally, we conclude that the NYSE is not a pure satellite market for the Spanish cross-listed stocks, but its contribution to price discovery is mainly due to public announcements probably originated at America and disseminated sooner in the NYSE quoted prices than in the SSE quoted prices. We also provide strong evidence t hat for the SSE the volume transacted is more informative that the number of trades. On the contrary, for the NYSE we report weak evidence that it is the occurrence of transactions per se and not the volume traded that contributes to the price discovery of the Spanish cross-listed stocks.
The paper is organized as follows. In section II we motivate the analysis describing a framework for the quote formation of a cross-listed stock that distinguishes between traderelated and trade-unrelated informational shocks. In section III we introduce the empirical VEC model. In section IV we define the information share measure for the U.S. and the SSE trading process. In section V we describe the data set. In section VI we summarize the results of estimating the econometric model. In section VII we provide the information shares for each market. Finally, in section VIII we conclude.
II. Motivation
This section presents a useful framework to motivate and interpret our posterior empirical analysis. Consider a stock that is traded at two different markets with trading sessions that overlap during a given time interval. Indeed, this is the case for the Spanish stocks cross-listed at the NYSE. First, we develop a model in which public disclosures are not noisy signals. Public disclosures may not lead to different interpretations. The two markets adjust quoted prices at the same time and by the same amount after a tradeunrelated shock. Thus, the unique source of information asymmetries between markets is the trade-inferred information. Consider first how expectations are formed. Let m t be the expectation about the true value of the stock given the full information set at moment t.
where E [.|.] is the conditional expectation, ψ τ is t he true value of the stock in a future reference moment τ (for example, the end of trading at the NYSE) and φ t is the total information available in both markets at moment t. We assume that this information is fully inferred from the time series of previous quotes and trades. The common information set ( Given that, at some point in time, the information sets available at the NYSE and SSE markets may d iffer, the expectation about ψ τ in each market may also be different.
Therefore, let the expectation about the true value of the stock at market i={NY, S} at
The market i's expectations follow the process in equation with w t being a zero-mean uncorrelated stochastic process representing an innovation in the common information set
, due to a public disclosure at period t.
Notice that equation [4] implies that any specific information given away at period t-1, either at the SSE or at the NYSE, becomes common information the next period
). This imposes a short-term convergence in expectations between both markets.
1 Thus, ) (
Consequently, the revisions in the expectations about the true value of the stock at both markets have a common component (w t ) and an idiosyncratic component ( In what follows we describe the quote formation process. Quotes in both markets are the result of the firm demand and offer positions by liquidity providers. In the NYSE the best quotes may represent the interests of the specialist, the floor brokers and the limit orders in the specialist's Display Book. On the contrary, the SSE is a pure electronic order driven market and, consequently, the quotes represent the best prices at the offer and demand sides of the electronic limit order book. In this paper, we average quotes using the quote midpoint of the bid-ask spread, 2 ) ( 
where the process 
As a consequence, the difference between the quote midpoints is a stationary stochastic process, meaning that both prices are cointegrated with a theoretical cointegration vector [1, -1] . The cointegration condition is necessary to avoid profitable arbitrage opportunities.
In the previous specification it is assumed that both markets simultaneously react to public announcements. Consider an extreme case in which all public signals are first observed by the home market (the SSE) and transmitted to the foreign market (the NYSE) with some lag. To incorporate this possibility, let the NYSE quote be given by because it more closely monitors the firm or because it has access to more complete information about the public signal. Therefore, markets differ in the quality of their judgments. Kim and Verrecchia (1994) develop a model in which earning announcements provide information that may lead to different interpretations (see also Raviv, 1993, and Bamber et al., 1999) . Certain traders posses special capabilities that allow them to make (informed) judgments that are superior to the judgments of other traders. We just adapt Kim and Verrecchia's framework here. Consider that the public signal is
where t δ is a stochastic process that represents a distortion in the announcement,
We assume that t δ and w t are mutually uncorrelated. Simultaneously to the dissemination of t w each market observes
where i t ζ measures the information a market gleans about the random error by more closely studying the firm, its financial reports and businesses. 4 Let the empirical correlation between the trade-unrelated unexpected components of the SSE and the NYSE quotes will help to discern which one of the previous frameworks is more realistic. Given the greatest relative importance of the Spanish cross-listed stocks in the SSE, it seems reasonable to expect that the agents in the home market will make more precise judgments than the agents in the foreign market. If this is the case, public disclosures would be disseminated first in the SSE quotes. But when the public signal concerns the firm's activity in America or general news about the American economy, the advantage might be for the agents in the foreign market.
The cointegration result between the SSE and the NYSE quote midpoints still holds for this alternative scenario, meaning that the appropriate empirical counterpart to our framework is an error correction model. Next section develops our empirical specification.
III. The empirical model
The most common efficient parameterization of a vector of cointegrated variables is, from the Granger's Representation Theorem in Engle and Granger (1987) , a VECM.
Equation [13] represents the error correction representation of the NYSE and SSE quotes for the theoretical model of the previous section, Presumably, β is equal to 1. The parameter i α measures how faster does market i respond to a divergence between the U.S. and the Spanish quote midpoints. If these parameters are significant for both quote midpoints, it would signal that we are facing a two-way price discovery process (see Harris et al., 1995) and, hence, that the NYSE is not a pure satellite market for the Spanish cross-listed stocks. 
, k={i,j}, are finite lag polynomials with all roots outside the unit circle.
Equation [14] is specified general enough as to capture usual features of intra-daily data caused by market frictions and specific trading rules. Equation [14] suggests that because of market frictions all the information the trades release at period t may not be reflected instantaneously into market quotes. 5 Thus, the unexpected component of trades may have lagged effects on the quote midpoint (e.g., Hasbrouck, 1991a, and Pascual et al., 2000) . by allowing the quote process be given by, not depend on the contemporaneous change in market quotes. This is because in our model causality flows from the trading process to the revision of market quotes.
We end with an empirical model with four equations, two for the NYSE and the SSE quotes and two for their respective trading processes, 
of seemingly unrelated equations that could be efficiently estimated by SURE (Zellner, 1962 
[21]
Similar measures can be defined for the trade-unrelated shocks.
IV.B. Empirical measure
As Hasbrouck (1995) remarks, every VECM has an associated common trend model representation implied by the cointegration relationships. So, the empirical approaches in Harris et al. (1995) and Hasbrouck (1995) are equivalent (see Tse, 2000) . In our case, the empirical specification [17] , has the following vector moving average (VMA) representation, 
and using that )
where the first term on the right hand side ( Var Ω = ξ , the long-run variance will be given by
Our aim is to identify the part of this total long-run variance that is explained by each market's information. Given the hypothesis of no correlation between the innovations in the trading activity ) , ( In order to do that, we orthogonalize the residual variance-covariance matrix using the Cholesky factorization and rotate the ordering of the variables to maximize and minimize the explanatory power of each particular shock (see Hasbrouck, 1995 and . 7 These bounds will be tighter as the correlation between the innovations approaches zero. This rule assigns to each trade the first quote stamped at least five seconds before the trade itself (see Lee and Ready, 1991 As in the TAQ database, the Spanish database includes trade and quote files. The quote file provides all the adjustments of the five best quotes at the bid and offer side of the electronic limit order book, time stamped at the nearest second. Additionally, the quote file includes the quoted depth at each of the ten quoted prices and the number of orders registered at each level. The trade file includes information about all trades executed, again, time stamped to at the nearest second. Some staff members of the SB confirmed us that, due to both the electronic n etwork that manages trading and the real time dissemination of all the information, there are no lags between the reporting time of the updated quotes and the transactions that triggered them. Therefore, the trades are classified as buyer or seller-initiated, depending on the initiator of the trade (see Odders-White, 2000) . Stocks at the SSE are quoted in euros and the tick is based on the share price: €0.01
V. Data
for prices of less than €50 and €0.05 for prices of more than €50. We will transform the SSE quotes into US$ applying the corresponding intra-daily exchange rate series provided by Reuters. This time series has a 1-minute resolution and contains the last exchange rate quoted each minute. and TEF 50% approximately). The SSE, as the home market, is expected to contribute substantially to price discovery. However, given the importance of the previous figures about the American activity of the dually listed Spanish securities and the dominance of U.S. stock exchanges as leading indicators for the other exchanges around the world, we also expect the NYSE to significantly contribute to price discovery. The issue to discern is whether the NYSE information comes from its trading activity or from public signals first disseminated in the US quotes. Table I shows the percentage of volume traded and of trades executed during the overlapping interval at each stock exchange. If SSE and NYSE trades are equally informative we would expect the information shares corresponding to the trading activity in each market to be close to the percentages shown in that table. Table   I reports important differences between TEF and the remaining stocks.
[ Table I] B. Variables Table II [ Table II] Given the important differences in the NYSE trading intensity between the five Spanish ADRs, we construct the time series for the previous five clock-time periodicities. Hence, We employ the augmented Dickey-Fuller (1979) and the Phillips-Perron (1988) procedures to determine the order of integration of the time series of the log of the quote midpoint in levels, the NV measure in [27] and the analog measure for the NT. In general, for all stocks and for all clock-time intervals we cannot reject the null hypotheses of a unit root for the quote series and we cannot accept it for all the trade series. Regarding cointegration, u sing both the Engle and Granger (1987) and the Johansen (1988 Johansen ( , 1991 methodologies, we obtain that the SSE and the NYSE quotes are cointegrated for all stocks and trading intervals, and the normalized cointegrating vector is, as expected, (1,-1). These results are not reported because of space limitation but they are available upon request.
VI. Estimation results
This section summarizes the estimation of the VECM [17] for the five Spanish crosslisted stocks. The appropriate lag length of the empirical model has been determined using the Schwartz Bayesian Criterion (SBC). 10 For all stocks, trading proxies, and time intervals, the maximum number of lags has been 6. No overnight returns have been considered and no lags reached back to the previous day. If, f or example, the optimal number of lags is four, the dependent vector begins with the fifth observation each overlapping interval. The lag length is 4. Both panels also report the residual correlation matrix and the Breusch and Pagan (1980) chi-square test for independence. The model is estimated by SURE using the FGLS algorithm (e.g., Green, 1997, pg. 511-513) . In general, the estimation results are consistent across stocks and the main findings derived are independent of the clock-time interval and the trading proxy used. Hence, the following comments refer not only to Table III but also to the other stocks in the sample, all the time intervals considered, and the two t rading proxies. Remarkable differences will be explicitly mentioned.
[ Table III] A first relevant finding is that the error correction term (ECT) in the two quote equations is statistically significant for all stocks and specifications, and the sign of the coefficient is the expected one. If there is a movement in either the NYSE or the SSE away from the long-run equilibrium in a given period, a proportion of the disequilibrium is will increase, rectifying (at least partially) the deviation between both markets. As the SSE quotes also respond to deviations from the NYSE quotes, this result evidences that the price discovery process is not completely driven by the Spanish market.
Another consistent result across stocks is that the magnitude of the coefficient associated to the ECT of the The trading activity has an strong positive effect on quotes, independently of the proxy used. Table III evidences that an increase in the NV t or in NT t either at the SSE or at the NYSE produces an upward adjustment of both quotes. This finding is very important because indicates that the trading activity at the NYSE provides some information to both markets, even when the trading activity at the SSE has been taken into account. For the other stocks in the sample we obtain consistent results, although the significance of the effect of the trading activity at the NYSE on S t q ∆ depends on the time interval considered.
From the trade equations we report an expected and an unexpected finding. On the one hand, the expected result is a strong positive autocorrelation in i t x independently of the proxy used, either NV t or NT t . This finding is consistent with Hasbrouck's (1991a) findings that buyer-initiated trades tend to be followed by additional buyer-initiated trades.
Additionally, we find evidence of clusters of signed trading activity between the SSE and the NYSE, generally leaded by the Spanish market. Thus, positive lagged values of , as we have observed before. D uring these periods, the NYSE specialist will be forced to provide liquidity in order to maintain stable market conditions. This is especially true for infrequently trade stocks (see Madhavan and Sofianos, 1998, and Kavajezc, 1999 ) and non-US stocks (see B acidore and Sofianos, 2000). As a consequence the specialist could be forced to hold an undesired negative inventory position in the cross-listed stock. During the next period, the specialist will try to motivate traders to introduce market orders to sell in order to restate their preferred inventory position. This is also consistent with the negative autocorrelation of
In general, the estimation results suggest that the SSE leads the price discovery process of the Spanish cross-listed stocks, but the role of the NYSE is not merely to be a satellite of the Spanish market. The relevant question is to determine whether the NYSE contribution to price discovery is due to their trading activity or to trade-unrelated shocks first incorporated to the NYSE quotes. This is the aim of the next section. w are also significantly correlated, suggesting common shocks in the trading process. This correlation also increases but less with t ime aggregation.
VII. Information shares

11
Therefore, we expect the information share bounds described in section IV to be tighter as we decrease time aggregation. The residual correlation matrices reported also indicate that the scenario with noisy trade-unrelated shocks described in section II better characterizes the underlying price discovery process. The simultaneous trade-unrelated shocks are not perfectly correlated, suggesting that both markets differ in their ability to judge noisy public disclosures. This section will also discern which market usually makes the more accurate assessments.
A prior step needed to proceed with the computation of the information shares is to obtain the VMA representation of the VECM in [17] . Hasbrouck (1995) uses simulation methods to derive the VMA representation of his empirical model. We derive it directly from the estimated VECM (e.g., Watson, 1994) . The changes in the US$/€ exchange rate might cause some distortions in the computation of the informational shares. However, Liberman et al. (1999) conclude that the correlation between the changes in quotes and the exchange rates is negligible. Moreover, Grammig et al. (2000) measure the informational share attributable to shocks in the exchange rate, modeled as a random walk process. Their findings suggest that the exchange rate is not a significant determinant in price discovery.
So, we assume that the possible biases induced by shocks in the exchange rate are also irrelevant. Table IV contains the lower and upper bounds of the informational shares estimated for the five cross-listed stocks (hence, the values in a given row do not sum to 100%). The table reports the information shares for all models estimated: for the five clock time resolutions (1 to 5 minutes) and for the two possible trade indicators (NT t and VT t with the transformation in (27)).
[ Table IV] Table IV evidences that the SSE is, as we expected, the leading market in the price discovery process of the five Spanish cross-listed stocks. The information shares for the SSE trade-unrelated informational shocks ( S t ε ) are between 70% and 90% depending on the stock and the clock time resolution. But Table IV also indicates that the contribution of the NYSE is not negligible. The NYSE trade-unrelated informational shocks (
account for 1% (TEF, STD, BBV) to 3% (REP, ELE) of the variance of the efficient price.
This informational share is the most variable across stocks. It is also very sensitive to time aggregation for BBV, the less frequently traded Spanish cross-listed stock at the NYSE (see Table II ). In the scenario presented in section II, these information shares imply that the SSE generally does more precise judgments about the information content of public signals and disseminates this information quicker than the NYSE. However, for some news, probably news that concern the business activity of the Spanish stocks at America or the American economy in general, the NYSE seem to have an advantage over the SEE. w is larger when the NV t measure is used to proxy for trading activity. These differences suggest that the volume transferred at the SSE is more informative for the price discovery process of the Spanish cross-listed stocks than the occurrence of trades per se. This finding contrasts with Jones, Kaul and Lipson (1994) conclusions. On the other hand, the information share for the NYSE trade-related shocks ( NY t w ) is less than 0.5% in almost all the cases.
Additionally, the Panel B of Table IV indicates that the S t w 's information share that is lost when we use the NT t proxy is not gained by the NYSE trade-related shocks.
A more accurate assessment of the NYSE trading activity's contribution during the overlapping period would be to compare the relative trade-related informational shares with the "trading shares" in Table I (1.88-14.04% and 6.06%-9.73% respectively). This result provides weak evidence that, for the NYSE, it is the occurrence of transactions per se and not the volume traded that contributes to the price discovery of the Spanish cross-listed stocks. This result seems reasonable: in the market with the highest trading frequency, the volume traded is what provides new information. But in the market with the lowest trading frequency, the information is inferred from unusual short durations (e.g., Easley and O'Hara, 1992) between trades.
VII. Conclusions
This paper has studied the role played by the NYSE in the price discovery process of four Spanish cross-listed stocks traded as ADR's in the US market. Our methodological contribution resides in distinguishing between two alternative sources of information asymmetries: trade-related shocks and noisy public disclosures. The study centers on the daily overlapping trading interval between both the NYSE and the SSE.
Our main conclusion is that the NYSE cannot be characterized as a pure satellite market of the SSE. Both SSE and the NYSE react to any deviation between their quotes.
This indicates that we are facing a two-way price discovery process. Moreover, we conclude that the NYSE contribution to price discovery is mainly due to trade-unrelated shocks that are earliest disseminated at the US market than at the SSE. The information shares of both markets confirm that the SSE leads the price discovery process of the Spanish cross-listed stocks. The information share due to public announcements first disseminated at the NYSE is, however, remarkable. It varies between the 1% and the 3% depending on the stock and the trading proxy used. On the contrary, less than the 0.5% of the long-run variance is due to NYSE trade-related information. For the SSE we evidence that the volume traded is more informative than the number of trades. On the contrary, for the NYSE we find weak evidence that it is the occurrence of transactions per se that matters.
Footnotes
1. The future reference period τ can be taken as the end of trading either at the SSE or at the NYSE. In the first case we do not impose the full convergence in expectations at the end of the overlapping period. If 0 ≠ − NY j w τ , with j close to zero, the specific information generated at the U.S. may not be completely incorporated to the SSE quotes at moment τ.
2. This is a strong assumption because it implies that the trading activity motivated by the announcement does not provide any additional information. We will see that this assumption is not strictly necessary, but it is adopted for simplicity of exposition and is tested in the empirical sections.
3. An alternative specification would be to assume that the public announcement provides each market with a different signal, for example
In this case, a market may be provided with an inferior signal than the other.
4. Empirically, the homokedastic characterization of the transitory component is not strictly necessary for our purposes, but it is assumed to simplify the exposition.
5. The NYSE rules state that the specialist should maintain a fair and orderly market. This includes the responsibility of stabilizing prices in their assigned stocks. The specialist ensures that trading in the stocks moves smoothly throughout the day (e.g. Hasbrouck et al., 1993) . In the SSE there is no specialist or figure alike. However, the existence of hidden orders and stopped orders may also delay the full revelation of the information behind the trades. Alternatively, traders with heterogeneous priors and private information may take some intervals of trading to have their expectational differences resolved (e.g., Kyle, 1985; Harris and Raviv, 1993) .
6. Chiang and Lin (1999) shows that the existence of a minimum price variation and the bid-ask bounce may induce a bias in the estimation of a VECM using high-frequency transaction price data. However, the authors also show that by using quote midpoints this bias in considerably reduced.
7. Hasbrouck (1995) pointed out that the information shares depend on the ordering of the variables in the Cholesky factorization of the residual covariance matrix. The first (last) variable in the ordering will tend to have a higher (lower) information share. The discrepancy could be large if the residuals across markets are highly contemporaneously correlated.
8. Recently, two contemporaneous studies, Ellis et al. (2000) and Odders-White (2000) , have compared alternative classification rules. On the one hand, Ellis et al. and Odders-White have found that the Lee and Ready's algorithm outperform other classification routines like the quote rule and the tick rule. However, both papers found that the algorithm misclassifies transactions executed inside the quotes. Ellis et al. propose to apply the tick-rule not only to the midpoint trades, as in Lee and Ready's algorithm, but also to all the trades inside the quotes. The authors show that, for Nasdaq-listed stocks, this procedure improves over extant classification rules. However, there is no test evidencing that this alternative method improves the classification for NYSE-listed stocks. We applied both algorithms and did not find remarkable differences. In any case, Odders-White (2000) observes that the biases introduced by the classification rules are more relevant for large and frequently traded stocks. The Spanish NYSE-listed stocks are neither large nor frequently traded comp ared with the largest stocks listed in the U.S. market. On the other hand, Blume and Goldstein (1997) showed that the "five-seconds rule" could not be generalized to all sample periods and markets. However, Odders-White (2000) also shows that the "five-seconds rule" does not seem to explain much of the bias induced by the Lee and Ready's algorithm.
9. Before 17 January 2000 continuous trading was from 9:30 to 17:00 ST; therefore, the overlapping trading period with the NYSE was just one hour and a half. Additionally, the beginning of the daylight saving time in October for Spain and US coincides. However, the end of this daylight saving time is the first Sunday of April in the US and the last Sunday of March in Spain. Hence, during the last week of March, the overlapping trading period reduces to one hour.
10. This criterion is chosen because it tends to pick up more parsimonious specifications and because it has superior large sample properties than other procedures, for example the Akaike information criterion (e.g., Enders, 1995, pg. 88-89 and 315 
TABLE II Activity during the overlapping interval
This table is indicative of the trading activity of the Spanish ADRs listed at the NYSE during the overlapping trading interval between the SIBE and the NYSE (9:30:00-11:30:00, New York time). The overlapping interval has been divided into equally spaced time intervals from 1 to 5 minutes. The Panel A reports the percentage of those intervals with at least one new quote register at the TAQ database. The Panel B reports the percentage of those intervals with at least one trade register at the TAQ database. To construct the time series, the overlapping trading interval between the SSE and the NYSE is divided in 1-minute intervals. For the definition of the variables see section VI.C in the paper. The lag length has been determined using the BSC information criterion. Panel A shows the coefficients of the VECM model that uses the transformation [27] of the net number of trades as the proxy for trading activity. The net number of trades is the difference between the number of buyer-initiated trades and the number of seller-initiated trades executed during the corresponding time interval. Panel B shows the coefficients of the VECM that uses the transformation [27] of the net volume as the proxy for trading activity. Net volume is defined as the difference between the buyer-initiated volume (in shares) and the seller-initiated volume in a given time interval. Both panels also report the residual correlation matrix and the Breusch and Pagan (1980) 
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